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Foreword: 
Eaton Aerospace in Warwick, RI manufactures several types of aircraft seals which can 
be found on gas turbofan engines.  The product line investigated was clearance seals.  
Clearance seals maintain a gap between the inside diameter of the seal and the shaft on an 
engine.  The radial clearance of this gap regulates the amount oil that passes through.    
The materials which make up the seals are carbon and aluminum.  The sealing surface is 
composed of a carbon ring.  The carbon comes in different grades based on its elementary 
composition.  Selection of the carbon grade depends on where in the engine the seal is found, 
and what type of aircraft the engine the seal will be assigned to.  A military aircraft would 
require harder carbons that see larger temperature and pressure gradients, compared to a 
commercial aircraft that would require a less robust carbon grade.  The mechanical properties 
of the carbon such as its hardness and modulus of elasticity vary depending on which carbon 
grade is being used.   
Controlled gap seals fit concentric to the shaft where they form a primary seal.  The 
purpose for the use of carbon as a sealing surface is that it is a very hard ceramic and resistant 
to heat.  The secondary sealing surface for clearance seals is on both sides of the face.  Steps 
are machined into the face of the seal to provide a minimal flat area to contact a rotating 
mating ring normal to the seal.  Clearance seals are stationary relative to their rotating mating 
rings which are fastened to the shaft.  In some instances, a runner is attached to the shaft 
which provides a coated sealing surface for the inside diameter of carbon.   
The surface finish requirement of the inside diameter of the parts must be less than an 
Ra of 16 micro inches (some clearance seals must have an Ra of 8 micro inches).  This means 
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that the inside diameter of the clearance seal can be any Ra less than but not exceeding an Ra 
of 16 micro inches.  The shaft that the seal is placed around will have a surface finish equal to 
16.  If the part is rougher than the assigned tolerance it will have negative effects on the wear 
pattern between the shaft and the seal.  The process that machines the inside diameter of the 
clearance seal is called cylindrical plunge grinding.  The machine that grinds the inside diameter 
of the part is an Okimoto machine.  The Okimoto (shown in figure 3) is a twin grinding spindle, 
single point diamond dressing CNC machine.   
After the clearance seal is ground, the surface of the part is first inspected visually under 
an illuminated magnifying glass to check for surface imperfections.  If the seal passes the visual 
inspection it is brought to a computer measuring machine where its geometry and surface 
roughness are evaluated.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Clearance seal being measured 
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Abstract:  
The objective of this work is to improve the dressing of grinding wheels in order to learn how to 
minimize operational costs.  The intent is to decrease cycle time and operational costs while 
maintaining a surface finish that is within the surface roughness specification of the seal.  
Dressing parameters such as depth of cut and feed were changed on the grinding machine.  
Replicas of the wheel were taken using a two part dental impression material.  A laser scanning 
UBM triangulation sensor microscope was used to measure the surface of the replica.  Replicas 
of grinding wheels that were dressed differently can be discriminated based on relative areas as 
a function of scale. 
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1. Introduction 
1.1 Objective: 
The objective of this work is to propose ways to decrease operational costs through 
optimizing the dressing of the grinding wheel.  Technically there is also intent to discriminate 
between grinding wheel surfaces based on adjusted dressing parameters to support efforts to 
correlate grinding wheel topography with dressing conditions and with resulting ground 
surfaces.  
   1.2 Rationale  
The carbon materials that were ground for this study has tight dimensional and surface 
roughness tolerances and currently uses a two part grinding processes.  Eaton has not 
experimented with changing dressing parameters to relate its effects on the surface finish of 
carbon seals.  It is advantageous for Eaton to research and improve their dressing cycle for the 
potential they have to save operational costs and increase their knowledge on dressing grinding 
wheels.   
Eaton has an opportunity to reduce costs in their clearance seal division with the results 
of this project.  Decreasing grinding cycle time will decrease operational costs of grinding.  
Minimizing depths of cut on the dressing cycle will minimize wear on the diamond dresser that 
is used to machine the grinding wheel between grinding cycles.  The scope of this work is to 
strengthen Eaton’s knowledge of grinding so that the clearance seal division can take what they 
learn from this project and apply it to other grinding operations performed at Eaton.   
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1.3 State of the Art: 
There is a large amount of literature available which is specific to grinding.  However, 
the common materials whose grinding properties are evaluated are metals and alloys.   
Grinding at Eaton is preformed on carbon.   
In Grinding Technology, Malkin & Guo claim by empirical data that to achieve smoother 
Ra surface finish of a part, a finer dress (smoother wheel) is used.  For both single point and 
rotary dressing, their studies have shown that finer dressing of the grinding wheels create 
smoother surface finishes on parts.  Finer wheels have been proven to produce smoother 
surfaces on metal parts.  There is no information published that displays a relationship between 
surfaces of carbon parts to the surface of the grinding wheel. Profilometers, imprints, scratch 
and thermocouples and microscopes are tools that are currently used for evaluating grinding 
wheel surfaces (Malkin & Guo, 2008). 
In a study comparing texture characterization parameters on their ability to differentiate 
ground polyethylene ski bases, skis were ground under different conditions and measured with 
a scanning laser microscope.  The measurements were discriminated based on F-Tests on area 
scale plots (Jordan & Brown, 2006). 
Differentiation of the surface topographies of pharmaceutical excipient compacts has 
been successful with the use of F-Test on area scale analysis.  The F-Test was able to determine 
at what scale pairs of pharmaceutical excipient compacts could be told apart.  The compacts 
were measured using a scanning laser microscope (Narayan et al. 2006).  
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1.4 Approach:  
 This work attempts to show relations between surface finish of carbon parts and 
dressing parameters that can be used to decrease process time or wheel usage.  The effects of 
feed and depth of cut on the dressing cycles were measured from replicas made on grinding 
wheel surfaces.  These replicas were measured using confocal microscopes and scanning laser 
profilers.  Measurements from UBM triangulation sensor microscope were analyzed and 
discriminated using S-frax relative area plots as a function of scale and F-Tests.    
2. Methods 
The current process was observed and the steps were recorded.  Several different 
dressing cycles were tried and the resulting roughnesses of the finished carbon part were 
recorded.  Replicas for the grinding wheel we made after each adjusted dressing cycle was run.  
The grinding wheel was measured using a replica and a scanning laser profiler. 
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2. Current Method 
 The current method for grinding clearance seals at Eaton involves a rough and finish 
grinding cycle.  Each cycle includes a dressing and grinding operation.  For every part that is 
ground, the wheel is dressed twice; once before each grinding operation.  The flow chart below 
shows the current process for producing a clearance seal.  Outside of the shaded region are 
external processes used for evaluating the surface of the grinding wheel and part.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Seal Production and Evaluation Flow Chart 
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2.1 How Surface Finish is Currently Measured: 
Arithmetical mean roughness, most commonly referred to as Ra, is a measure of the 
average value of the absolute values of the profile deviation from the mean profile line.  Linear 
profilometers are used to measure surface roughness at Eaton.  Profilometers use a stylus to 
trace a surface and record a profile based on stylus displacement.  The parts surface at Eaton is 
measured with a Zeiss Surfcomm Profilometer that calculates a value for Ra from a 2D linear 
trace.  The surface finish of the part must be less than but not exceeding 16 micro inches.  3 
traces are made on each part after adjusting dressing parameters.  All traces must be less than 
16 micro inches in order for the part to pass inspection.       
2.2 Wheel Specifications: 
The grinding wheel used is a 38A100-J8VBE MOS16235 Norton wheel.  The number 38 
indicates the manufacturer’s symbol of abrasive which is embedded in the bonding matrix 
(Malkin & Guo, 2008).  The letter A shows that the abrasive type is aluminum oxide.  The 
number 100 illustrates the abrasive grain size which is fine.  The grain size is between 129-145 
µm.  The letter J is characteristic of the wheel’s harness on a scale from AZ, A being very soft 
and Z very hard (Malkin & Guo, 2008).  This indicates that the grinding wheel that Eaton is 
currently using is a medium/soft wheel which is important when understanding the wheel’s 
ability to be dressed.  The aluminum oxide wheels used at Eaton are conventional grinding 
wheels that cost $10.03 per wheel.   
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2.3 Current Grinding and Dressing Cycles 
Currently, the method for dressing the grinding wheel is independent of what part is 
being ground.  If two different carbon grades of different dimensions are going to be run on the 
machine, the finish and rough grinding cycles will remain the same.  The only adjustment made 
to the program on the CNC machine is to the start and finish diameter of the grinding cycles.        
Depicted below in Figure 3 is the path the diamond nib takes (in inches) to dress the 
wheel before a rough grinding cycle.  The arrows indicate the direction the diamond nib travels 
with respect to the grinding wheel.  The diamond nib has a radius of 10-20 thousandths of an 
inch.     
 
                              
 
 
   
  
U position .130 
W position .850 
U position -0.030 
W position 0.300 
W position – 0.100 
W position – 1.150 
 
Figure 3. Diamond Nib Path for Dressing 
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The dress creates a 0.150 inch wide by .030 inch radial deep step in the wheel.  The 
purpose for this geometry is to allow a uniform wear pattern as it oscillates in and out of the 
part during the grinding process.  The machine is capable of programming four different speeds 
for the two grinding wheel spindles.  High and low speed is set by using dials that are located on 
the control panel.  The speed is a percentage of the max spindle speed of the machine and can 
be set anywhere from 0-100 percent accordingly.  The current setting for the grinding wheel 
spindle speed is 15,000 RPM and the setting for the work piece is 600 rpm in the opposite 
direction.   
 During the grinding process the stroke length of the grinding wheel is set for 2.5 inches.  
The stroke length is the distance that the grinding wheel travels per oscillation.  For the rough 
grinding procedure the operator enters the start and finish diameter into the program on the 
machine.  The machine will then grind at 100 inches per minute axially with a depth of cut per 
oscillation of .0005 inches for rough grinding.   
 After the rough grinding process is completed the finish dressing cycle is run.  Once the 
finish dressing cycle is completed, the finish grinding cycle is run.  The values for the parameters 
of the current dressing cycles are shown in the table below. 
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Table 1. Current Dressing Cycles 
 
2.5 Replica Making Process: 
In order to characterize the surface of the grinding wheel, replicas are needed.  The 
profilometers that measure profile and calculate Ra of carbon parts cannot be used to measure 
the grinding wheels because the abrasives of the wheel will damage the tip of the stylus.  The 
current method for measuring grinding wheels is to make a replica.  The replica material that 
has successfully been able to measure grinding wheel surfaces by the WPI Surface Metrology 
Lab is Coltene Dental Replica Material.  The replica material comes in two parts; a bonding 
agent and a base.  It has a working time of 30 seconds and a setting time of 3 minutes.   
 In order to create consistent replicas, the pressure applied to the replica material during 
the setting time must remain constant.  A study of characterizing grinding wheels at WPI’s 
Metrology Lab required the use of a hydraulic piston cylinder on a fixed arm to hold pressure 
constant for the setting time of the replicas.  Hydraulic pressure was used to obtain texture 
Variables 
Rough Dressing 
Cycle 
Finish Dressing 
Cycle 
Depth of Cut 0.001 0.0005 
Grinding Spindle 
Speed 
15000 rpm 15000 rpm 
Workpiece Speed n/a n/a 
Feed 
(In/rev) 
3.0 in per min  1 inch per min 
number of passes 1 2 
stroke length N/A N/A 
Coolant constant  Constant 
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measurements on smooth metal surfaces.  In the application at Eaton, this apparatus was used 
however no hydraulic pressure was required. 
The mass of the base putty and cement was held constant with the use of a gram scale.   
One gram of cement and base were weighed for the 1:1 part replica.  The working and setting 
time was measured with a calibrated stop watch provided by Eaton.  Replicas were made 
immediately after dressing cycles (before grinding).  Cycle stops were added to the dressing 
program in order to stop the grinding wheel after dress.  The piston cylinder was set up on the 
dresser arm of the machine and held in place with the use of a c-clamp (see figure 5).   
In between dressing cycles the machine was switched from auto mode to handle jog 
mode so that the piston cylinder could be positioned directly over the grinding wheel for 
impressions.  Operational stops were placed in the program so that the machine would pause 
before the grinding (after the dress) and a “clean” replica of the wheel could be made each 
time.   
15 
 
 
Figure 4.  Grinding Machine with set up for Replica 
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2.6 Replica Measurement and Analysis:  
 
 After replicas of grinding wheels were taken at Eaton, they were brought to WPI for 
measuring and analysis.  The Olympus Confocal, UBM Confocal Keyence LT-8010, and UBM 
Keyence LC-2210 Triangulation sensor microscopes were used to measure the surface.  The 
Olympus Microscope measured surfaces at 20x and 50x objectives at different light levels.  In 
order to take measurements at 50x the replica had to be trimmed with a razor blade.  This was 
done so the larger objective could focus at small distances away from the surface of the replica. 
Different step sizes and intensities were used for measurements taken on the Olympus 
Confocal microscope.  Replicas were sputter coated with gold palladium to increase reflectivity 
of the surface. 
The UBM Triangulation sensor took measurements at 100 points per second with 10 µm 
spacing in x and y directions of a 3mm by 3mm area.  S-Frax analysis software was used to 
calculate area-scale plots and perform F-Tests as a function of scale to discriminate between 
differently dressed surfaces of grinding wheels (Surface Metrology and Fractal Analysis, 2007).   
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3. Results   
 
Surface finish measurements of the part for rough grinding adjustments were made 
after the finish grinding cycle.  These measurements showed that rough dressing does not 
affect the finish of the part.  Figures 5 and 6 shows how adjusting feed and depth of cut for 
finish and rough dressing effects the surface finish of the part.  Adjustments made to finish 
dressing parameters caused the surface finish of the part to change; as feed increased, the 
surface finish of the part increased as well.  Increasing the feed and minimizing the DOC 
decreases operational costs in terms of cycle time, wheel and diamond nib costs. 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Ra of Part, Feed and DOC for Finish Dress 
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The costs of having an operator at the machine are approximately $100 per hour.  The 
dimensions of a new grinding wheel are 2 inches outside diameter by 1 inch wide.  New 
grinding wheels cost $10.03 cents per wheel.  The highest dressing depth that was tested was 
0.0015 inches.  The deeper the depth of cut per dressing cycle, the less number of cycles a 
wheel and dressing nib will last and more time spent changing grinding wheels and nibs.  When 
a machine is down to replace an old wheel, there is no value being added to the part.    
Some parts were measured immediately after rough grind (indicated in table 2, rough 
dress rows 4 and 5).  These surfaces were found to be within surface roughness specification of 
the part.  The reason all parts were not measured after rough grind was due to the production 
environment that the experiment took place.  This result shows that eliminating a rough or 
finish grinding cycle could produce a finish within specification and cut the number of cycles in 
half.  This would have to be tested first since eliminating one cycle would mean that the 
remaining cycle would have to remove more material.   
The samples measured with the Olympus Confocal microscope (figures 11 and 12) were 
not considered for analysis due to the oversaturation of spikes on the measurement.  The 
samples were measured under different light levels and objectives (20X and 50X).  Filters were 
also run to remove spikes.  The step size for a measurement on the Olympus is the distance the 
microscope travels in the Z direction for a measurement layer between the top and bottom Z 
range.  The smaller the distance for the steps, the more data you have per measurement.  The 
top and bottom range of measurements were adjusted for each measurement.  Smaller step 
sizes produced better measurements.  The replica samples were coated with gold palladium to 
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increase sensitivity; however promising measurements for analysis were not produced by the 
Olympus or UBM Confocal microscopes. 
 
 
Figure 6.  Measurement of Gold Palladium Sputter Coated Replica at 20X with Olympus 
Confocal Microscope 
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The replicas measured on the UBM Triangulation sensor were able to successfully 
measure the surface of the replica.  Figures 13 and 14 show 3D surface measurements used for 
analysis that were generated from the UBM triangulation sensor.  The measurements from two 
sets of replicas were able to be discriminated using relative area as a function of scale.  Figure 7 
shows a relative area plot on two differently dressed surfaces.  As the scale decreases, the 
relative areas of the two surfaces increased at different rates.  The blue and red data points on 
the graph represent 2 differently dressed surfaces.  The data plotted is from 3 replicas at 3 
locations 120® apart on the grinding wheel.   
 
 
 
 
 
 
 
 
 
 
Figure 7. Triangulation Sensor UBM Measurement of 
Finish Dressed Surface of Replica from Cycle A 
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Figure 8 is an F-Test performed on relative area.  An F-Test shows how confident two 
groups can be told apart.  The points above the horizontal black line correspond to scales at 
which the surfaces can be told apart with 99.5% confidence.  The F-Test of relative area shows 
that at scales less than ~1,000 µm we can discriminate between the two surfaces. 
Figure 9 is a plot of the same two surfaces complexity.  Complexity is the derivative of 
relative area.  It is another way to discriminate surfaces.  The F-Test performed on complexity 
shows that differently dressed wheels could be told apart at scales less than ~1,000 µm with 
99.5% confidence.  This is roughly the same scale that the F-Test of relative area is able to 
discriminate.  
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4. Discussion  
  
Various settings and parameters were changed for measurements using the Olympus 
Confocal microscope.  Small step sizes and brightness levels were adjusted to produce a 
measurement with minimal spikes.  Running filters on the measurements changed the surface 
too much and still did not remove all the spikes.  A good measurement for analysis was not 
produced.   
The UBM Triangulation sensor was able to successfully measure the surface of the 
replicas.  The 3D images in figures 13 and 14 showed that the UBM was able to obtain a 
consistent surface measurement without spikes.  The measurements from the UBM were used 
for analysis on S-frax.  Relative area, complexity and F-test plots generated from S-frax were 
able to discriminate between grinding wheel surfaces.   
Some measurements taken after rough grind showed that the surface finish of the part 
was within an Ra specification of 16 micro inches.  Before eliminating a cycle more tests should 
be run that consistently produce this result.  A consistent surface finish within specification 
should be produced before a cycle is eliminated.  When dealing with such a critical part, all 
necessary precautions must be taken before any major adjustments are made in manufacturing.    
By increasing the feed and decreasing the depth of cut, operational costs are reduced.  
There can be more cycles run before switching the wheel with smaller depths of cut for the 
dressing cycle.  Also, the faster the feed, the shorter the dressing cycle time.  The shorter cycle 
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time allows for less you have to pay operators per part.  Figure 5 and 6 show how changing 
depth of cut and feed effects operation costs.  The cycles to the left on the bar graph represent 
the lowest operational cost per cycle that was tested for adjusted rough dressing parameters.      
 
 
 
 
 
 
 
 
 
Figure 5 shows that when feed is increased, the Ra of the part increases for finish 
dressing adjustments.  In rough dressing, a correlation between feed, depth of cut, and surface 
finish cannot be made.  Figure 6 shows a steady Ra that is independent of feed or depth of cut.  
This is because the surface measurements displayed in Figure 6 were taken after finish grind.  In 
order to correlate between the rough dressing parameters and surface finish of the part, 
measurements would have to of been made following the rough grind. 
Figure 8. Ra of part, Feed and DOC for Rough Dress 
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The dressing lead that Eaton used was small for single point dressing of aluminum oxide 
wheels.  The lead Eaton used for dressing was .0002 inches.  The radius of the diamond is .010-
.020 inches.  Malkin & Guo recommend leads between .0004 and .0012 inches for single point 
diamond dressing (Malkin & Guo, 2008).  Malkin & Guo state that finer surfaces require finer 
dresses (i.e. smaller feeds and depths of cut).  The results from this study show that carbons 
surfaces behave similar to metal in the fact that smaller feed and depths of cuts produced 
lower Ra’s (Figure 5).     
The sampling interval must be equal in the X and Y directions on the UBM.  When 
replicas were measured with an uneven sampling interval the analysis was skewed dramatically.  
Relative area plots from measurements with uneven sampling produced a grouping of points 
that were repeated over discrete scales.   
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5. Conclusions  
 
1. The Olympus Confocal Microscope and Cofocal Sensor on the UBM produced spiky 
measurements of the replica that were not considered for analysis. 
2. Replicas can be successfully discriminated at scales less than 1,000µm using the UBM 
Triangulation Sensor and fractal analysis. 
3. The surface finish produced after rough grind was measured to be within the roughness 
specification for the part.  Eliminating the rough dressing and grinding cycle could 
produce a surface finish within roughness specification. 
4. Minimizing the depth of cut and increasing the feed will decrease costs of operation in 
terms of cycle time, replacement of grinding wheel, and replacement of dressing 
diamond.   
5. Increasing the feed on the finish dress increased the Ra of the part. 
6. Adjusting the feed and depth of cut on the dressing cycle changes the surface of the 
grinding wheel. 
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8.  Appendix: 
 
 
 
 
 
 
 
 
 
Figure 9.  Relative Area of Wheel vs. Scale for finish dress at feed of .00055 
in/rev and DOC .0005 inches vs. rough dress at 0.000033 in/rev and DOC 
0.0007 inches 
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Figure 10.  F-Test of Relative Area Plot showing 99.5 % confidence interval 
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Figure 12.  F-Test of Complexity 
 
Figure 11.  Complexity Plot 
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Figure 13. Measurement of Gold Palladium Sputter Coated Replica at 50X with Olympus 
Confocal Microscope 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Figure 14. Triangulation Sensor UBM Measurement Rough 
Dress Surface of Replica from Cycle B 
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Highlighted values are for adjusted dressing parameters.  Tables show the values for the 
dressing parameters of the tests that were run. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variables 
Rough Dressing 
Cycle 
Finish Dressing Cycle 
Depth of Cut 0.001 0.0005 
Grinding Spindle 
Speed 
15000 rpm 15000 rpm 
Feed (in/rev) .0002 .00006 
number of passes 1 2 
stroke length N/A N/A 
Variables 
Rough Dressing 
Cycle 
Finish Dressing Cycle 
Depth of Cut 0.0005 0.0005 
Grinding Spindle 
Speed 
15000 rpm 15000 rpm 
Feed (in/rev) .0004  .00006 
number of passes 1 2 
stroke length N/A N/A 
Variables 
Rough Dressing 
Cycle 
Finish Dressing Cycle 
Depth of Cut 0.001 .001 
Grinding Spindle 
Speed 
15000 rpm 15000 rpm 
Feed (in/rev) .0002  .00006 
number of passes 1 2 
stroke length N/A N/A 
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Variables 
Rough Dressing 
Cycle 
Finish Dressing Cycle 
Depth of Cut 0.001 0.0005 
Grinding Spindle 
Speed 
15000 rpm 15000 rpm 
Feed (in/rev) .0002  .00055 
number of passes 1 2 
stroke length N/A N/A 
Variables 
Rough Dressing 
Cycle 
Finish Dressing Cycle 
Depth of Cut 0.001 0.0005 
Grinding Spindle 
Speed 
15000 rpm 15000 rpm 
Feed (in/rev) .0002  .0002 
number of passes 1 2 
stroke length N/A N/A 
Variables 
Rough Dressing 
Cycle 
Finish Dressing Cycle 
Depth of Cut 0.0015 0.0005 
Grinding Spindle 
Speed 
15000 rpm 15000 rpm 
Feed (in/rev) .0004  1 inch per min 
number of passes 1 2 
stroke length N/A N/A 
Variables 
Rough Dressing 
Cycle 
Finish Dressing Cycle 
Depth of Cut 0.0007 0.0005 
Grinding Spindle 
Speed 
15000 rpm 15000 rpm 
Feed (in/rev) .00003  1 inch per min 
number of passes 1 2 
stroke length N/A N/A 
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Table 2.  Ra of Parts with Surface Specifications and Part Numbers and Dressing Parameters: 
 
 
Dress 
Cycle  
Depth of 
Cut 
(Inches)  
Feed Rate 
(Inches Per 
Minute)  
Surface Finish  Results  Surface Finish Spec 
Ra In micro Inches  
Part Identification 
Rough 
Dress*  
.001  3  7.27, 8.486, 9.988 
roughness after  finish  
grind  no adjustments  
16   
88453  
Rough 
Dress  
.001  6  After Finish 
Grind:11.93, 12.04, 12.8  
16   
88453  
Rough 
Dress  
.0015  6  After Finish Grind Part 
Roughness  11.43, 
11.94, 12.11  
16   
88453  
Rough 
Dress  
.0005  6  After Rough Grind 
Surface Finish: 
10.02, 11.92,  13.56  
16   
88453  
Rough 
Dress  
.0007  .5  6.602 after finish grind 
no adjustments, 
16.0302, 14.538 after 
rough grind with 
adjustments  
16  
89623  
Finish 
Dress* 
.0005 1  7.27, 8.486, 9.988 
roughness after  finish  
grind  no adjustments  
16   
88453  
Finish 
Dress  
.0005  3  After Finish Grind:  
11.81, 10.85, 11.8  
16  88453  
Finish 
Dress 
.0005  8.25  Finish Dress after 8.25: 
15.005, 11.65, 10.60 
After Dress no 
Adjustments: 
5.966, 6.3246.631  
16 110251-003-  
Finish 
Dress 
.001  1  5.0 finish after finish  
grind with out 
adjustments,  6.0 finish 
after grind with 
adjustments  
8 
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